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FIR FILTER, METHOD OF OPERATING THE SAME, SEMICONDUCTOR 
INTEGRATED CIRCUIT INCLUDING FIR FILTER, AND COMMUNICATION 
SYSTEM FOR TRANSMITTING DATA FILTERED BY FIR FILTER 



BACKGROUND OF THE INVENTION 
L Field of the Invention 
The present invention relates to an FIR filter to be used in portable terminals or the 
like in mobile communication systems. 



Since an FIR (Finete Impulse Response) filter has liner phase characteristics, a transfer 
function, and stability which cannot be realized by an analog filter, it is utilized for various 
usages such as communication systems and audio apparatuses. For example, the FIR filter 
is applied to a filter in a CDMA (Code Division Multiple Access) system and so on, which is one 
of digital mobile communication systems. In the CDMA system, a transmission rate is 
variable so an input resolving power enough to express a ratio of change amounts in 
transmission rate is necessary. Therefore, the resolving power (a bit width) of input data to a 
filter is required to be increased as a transmission rate increases. A resolving power for 
obtaining a sufficient distance between signal points is also required for a code-multiplexed 
transmission of the CDMA system. 

Generally, the FIR filter is composed of a shift register, a multiplier, an adder, and so 
on. These circuits need to be constituted to correspond to the maximum resolving power of 
input data. As a result, the circuit scale of the filter is enlarged according to a bit width of the 
input data. The circuit scale of the multiplier is in particular enlarged to a large extent 
according to an increase in bit width of the input data. However, the above-mentioned input 
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resolving power does not vary all the time. In general, an interval at which the transmission 
rate changes is sufficiently longer than a time needed for the input data to pass through the 
shift register. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to shorten a bit width of input data to an FIR 
filter and to reduce a hardware scale. 

According to one of the aspects of an FIR filter, a method of operating the FIR filter, a 
semiconductor integrated circuit including the FIR filter, and a communication system for 
transmitting data filtered by the FIR filter of the present invention, the FIR filter separately 
receives input data consisting of transmitting information and composed of bit strings, and 
additional data which is added in order to transmit the input data. The input data is 
operated with the additional data. The operation is performed, for example, in a first 
operational unit. A difference between the additional data corresponding to previous data 
(for instance, most recent data) among the input data and the additional data corresponding 
present data is obtained, and the difference and the previous data are operated. The 
operation is performed, for instance, in a second operational unit. Then, the operation 
results are added, for example, in an adding unit and the resultant is outputted as a filter 
response. 

The input data and the additional data are separately received to be operated so that 
the circuit scale of the filter is reduced compared with a case where data which is input data 
and additional data combined and has a large bit width, is received. Therefore, a chip of the 
semiconductor integrated circuit can be downsized and thereby cost reduction in the 
communication system can be realized. 

According to another aspect of the FIR filter of the present invention, the FIR filter 



includes a shift register and factor multipliers. The shift register receives input data in 
sequence and transmits the received input data to respective delay elements. Each of the 
factor multipliers multiplies an output from each of the delay elements of the shift register by 
tap factors. The first operational unit includes a first adder tree and a first multiplier. The 
first adder tree adds outputs from the factor multipliers. The first multiplier multiplies an 
output from the first adder tree by the additional data. The second operational unit includes 
a second adder tree and a second multiplier. The second adder tree adds an output 
corresponding to the previous data from the factor multipliers. The second multiplier 
multiplies an output from the second adder tree by a difference in the additional data. The 
adding unit adds an output from the first multiplier and an output from the second multiplier 
to output the addition result as a filter response. 

A reduction in bit width of input data realizes a decrease in the number of the factor 
multipliers and further realizes a reduction in the circuit scales of the first and second adder 
trees and the first and second multipliers. 

According to another aspect of the FIR filter of the present invention, the FIR filter 
includes switches for respectively connecting outputs of the factor multipliers to the second 
adder tree. The switches are switched on and off in response to a shift operation performed 
on the input data in the shift register. Then, the previous data among data sequentially held 
in the delay elements is transmitted to the second adder tree. 

According to another aspect of the FIR filter and the method of operating the FIR filter 
of the present invention, the FIR filter sequentially receives input data consisting of 
transmitting information and composed of bit strings. Present data among the input data is 
operated with additional data which is added in order to transmit the present data. The 
operation is performed, for example, in the first operational unit. Previous data among the 
input data is operated with the additional data corresponding to the previous data. The 



operation is performed, for example, in the second operational unit. Then, the operation 
results are added, for instance, in the adding unit and the resultant is outputted as a filter 
response. The input data and the additional data are separately received to be operated so 
that the circuit scale of the filter is reduced. 
5 According to another aspect of the FIR filter and the method of operating the FIR filter 

of the present invention, the filter sequentially receives input data consisting of transmitting 
information and composed of bit strings. Present data among the input data is added. The 
operation is performed, for example, in the first operational unit. A ratio of the additional 
data corresponding to previous data among the input data to the additional data 
•3 10 corresponding to the present data is obtained, and the ratio and the previous data are 
ill operated. The operation is performed, for instance, in the second operational unit. The 
;S operation results are added, for example, in the adding unit. The addition result is 
,J multiplied by the additional data corresponding to the present data. The multiplication is 
M performed, for example, in a multiplying unit. The multiplication result is outputted as a 
*fi 15 filter response. The input data and the additional data are separately received to be 
operated so that the circuit scale of the filter is reduced. 

According to another aspect of the FIR filter of the present invention, the FIR filter 
includes a data separation unit for separating data which is inputted to the filter and 
composed of bit strings, into the input data and the additional data. Thereby, the data which 
20 is the input data and the additional data combined can be easily separated. 

According to another aspect of the FIR filter of the present invention, the switches are 
switched off in response to every shift operation of the shift register. The switching-off is 
sequentially performed, starting from a switch corresponding to one of the factor multipliers 
at an input side. Therefore, only previous transmitted data, among data transmitted in 
25 sequence to each of the delay elements on a subsequent stage in response to the shift 
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operation, is reliably transmitted to the second adder tree. 

According to another aspect of the FIR filter of the present invention, the FIR filter 
includes a switch for connecting an output of a predetermined factor multiplier to the second 
adder tree and a switch for connecting an output of a predetermined adder which is included 
5 in adders composing the first adder tree, to the second adder tree. Each of the switches is 
switched on and off in response to a shift operation of the input data in the shift register and 
transmits previous data to the second adder tree. The addition result from the adders in the 
first adder tree can be utilized so that the circuit scale of the second adder tree is reduced. 

According to another aspect of the FIR filter of the present invention, the FIR filter 

'.It 

i v 3 10 includes a holding circuit and an operational circuit. The holding circuit accepts the 
■ ^ additional data in response to a change in input data and holds the accepted data as the 

1.1$ 
r f\ 

£15 additional data corresponding to previous data. The operational circuit obtains a difference 
J3 between the additional data outputted from the holding circuit and new additional data. 

VS- Thereby, the difference between both of the additional data can be obtained by a simple logic 
15 circuit. 

According to another aspect of the FIR filter of the present invention, the FIR filter 
includes the shift register, the factor multipliers, and switches. The shift register receives 
input data in sequence and transmits the received input data to the delay elements. Each of 
the factor multipliers multiplies an output from each of the delay elements of the shift register 

20 by tap factors. The switches are switched on and off in response to a shift operation of the 
input data in the shift register and transmit outputs from the factor multipliers to the first 
operational unit or the second operational unit. 

A bit width of the input data can be shortened, thereby reducing the number of the 
factor multipliers and the circuit scale of the first operational unit or the second operational 

25 unit. 
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According to another aspect of the FIR filter of the present invention, the FIR filter 
includes the holding circuit and an operational circuit. The holding circuit accepts the 
additional data in response to a change in input data and holds the accepted data as the 
additional data corresponding to previous data. The operational circuit obtains a ratio of the 
5 additional data outputted from the holding data to new additional data. Thereby, the ratio of 
both of the additional data can be obtained by a simple logic circuit. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The nature, principle, and utility of the invention will become more apparent from the 



O 10 following detailed description when read in conjunction with the accompanying drawings in 



ril which like parts are designated by identical reference numbers, in which: 



U Fig. 1 is a block diagram showing a first embodiment of the present invention; 

Fig. 2 is a block diagram showing an FIR filter in Fig. 1 in detail; 

□ 

C5 Fig. 3 is an explanatory chart showing data inputted to an adder tree ADT2; 



Yr 1 5 Fig. 4 is an explanatory chart showing an operation of the FIR filter in Fig. 1 ; 



Fig. 5 is a block diagram showing an FIR filter according to a second embodiment of 



the present invention; 



Fig. 6 is a block diagram showing an FIR filter according to a third embodiment of the 



present invention; 



20 Fig. 7 is an explanatory chart showing data inputted to an adder ADD4; 



Fig. 8 is a block diagram showing an FIR filter according to a fourth embodiment of 



the present invention; 



Fig. 9 is an explanatory chart showing data inputted to an adder tree ADT2; 



Fig. 10 is an explanatory chart showing an operation of the FIR filter in Fig. 8; 



25 Fig. 11 is a block diagram showing an FIR filter according to a fifth embodiment of 
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the present invention; 

Fig. 1 2 is an explanatory chart showing an operation of the FIR filter in Fig. 1 1 ; and 
Fig. 13 is a block diagram showing an FIR filter according to a sixth embodiment of 

the present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention is described with reference to the 
drawings. 

Fig. 1 shows a first embodiment of an FIR filter, a method of operating the FIR filter, a 
^ 10 semiconductor integrated circuit including the FIR filter, and a communication system for 

% BP 

[ 6 y! transmitting data filtered by the FIR filter of the present invention. 

1:2 The FIR filter 2 is used in a transmission circuit 6 of a portable terminal 4 in a 

M 

'* w communication system of, for example, a CDMA system or a W-CDMA (Wideband-CDMA) 
f S system. The transmission circuit 6 with CMOS transistors and so on integrated is formed as 
LJ 15 a single chip on a Si substrate by utilizing semiconductor manufacturing technology. A 
signal transmitted from the portable terminal 4 is received in a base station 8. 
Fig. 2 shows the FIR filter 2 in detail. 

The FIR filter 2 has a shift register 10, factor multipliers MLT1, MLT2, MLT3, MLT4, a 
first operational unit 12, a second operational unit 14, an adder ADD6, and switches SW1, 
20 SW2,SW3. 

The shift register 10 is composed of flip-flops FF1, FF2, FF3, FF4 (delay elements) 
connected in series for holding input data DIN. In this embodiment, a bit width of the input 
data DIN is set at, for example, 5 bits. Therefore, the shift register 1 0 receives the input data 
DIN of 5 bits on the initial flip-flop FF1 and then sequentially shifts the received data to the 
25 subsequent flip-flops FF2 to FF4 in synchronization with a sampling trigger signal (not 
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shown). The factor multipliers MLT1 to MLT4 respectively multiply output data from the 
flip-flops FF1 to FF4 by tap factors CI to C4. 

The first operational unit 1 2 includes an adder tree ADT1 composed of adders ADD 1 , 
ADD2, ADD3, and a multiplier MLT4. The adder tree ADT1 adds data outputted from the 
5 factor multipliers MLT1 to MLT4 to output the addition result to the multiplier MLT5. The 
multiplier MLT 5 multiplies the addition result by additional data. Here, the additional data is 
information which is added in order to transmit the input data DIN to a receiving side (the 
base station 8 in this case) without fail. In this embodiment, the additional data varies, for 
example, according to a change in a transmission rate of the data. The maximum bit width 
Q 1 0 (a resolving power) of the additional data is set at 7 bits. 

'4 The second operational unit 14 includes an adder tree ADT2 composed of adders 

CO 

C 3 ADD4, ADDS, and a factor multiplier MLT6. The adder tree ADT2 receives data outputted 
>! from the factor multipliers MLT2 to MLT4 via the switches SWT to SW3 to output the addition 
|I0 result to a multiplier 6. The switches SW1 to SW3 are composed, for example, of CMOS 
j;* 1 5 transmission gates. The multiplier MLT6 multiplies the addition result by a difference in 
additional data. Here, the difference in additional data means a difference between 
additional data corresponding to previous data and additional data corresponding to present 
input data. 

The adder ADD6 adds data outputted from the multipliers MLT5, MLT6 to output the 
20 addition result as output data DOUT (a filter response). 

In this embodiment, as a way of example and for simple explanation, the filter is 
composed of four flip-flops FF1 to FF4, multipliers corresponding to the flip-flops FF1 to FF4, 
and adders. In an actual FIR filter, the number of flip-flops (a bit length of input data) and 
circuit scales of adder trees and so on are larger than those of the flip-flops in Fig. 2. 
25 Fig. 3 shows data inputted to the adder tree ADT2 in Fig. 2. 
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In the drawing, data A, B, C, and D are previous data held in the flip-flops FF1 to FF4 
of the shift register 10, and data a, b, c, and d are newly inputted to the shift register 10 
(present data). The arrow indicates a shift direction of the data. 

At a time Dt-1, the flip-flops FF1 to FF4 hold the previous data D, C, B, and A 
5 respectively. At this time, the switches SW1 to SW3 are off. 

At a time Dt, the shift register 1 0 performs a shift operation and the flip-flops FF2 to 
FF4 hold the data D, C, and B, respectively. The initial flip-flop FF1 holds data (present data) 
newly inputted to the filter. At this time, the switches SW1 to SW3 are on. Therefore, the 
adder tree ADT2 receives the previous data B, C, and D, and then adds the received data. 
10 At a time Dt+ 1 , the shift register 1 0 performs a shift operation and the flip-flops FF1 

to FF4 hold the present data b, a and the previous data D, C, respectively. At this time, the 



•3 W 



,5^ switch SWT is off. Zero is supplied to a terminal of the adder tree ADT2 corresponding to the 

!„u 

„ switch in an off-state. Therefore, the adder tree ADT2 receives the previous data C, D and 

£3 

SB adds the received data. 

1 .3 

;:!f 15 At a time Dt+2, the shift register 10 performs a shift operation and the flip-flops FF1 

to FF4 hold the present data c, b, a, and the previous data D, respectively. At this time, the 
switch SW2 is off. Therefore, the adder tree ADT2 receives only the previous data D to be 
output to the multiplier MLT6. 

At a time Dt-f-3, the shift register 10 performs a shift operation and the flip-flops FF1 
20 to FF4 hold the present data d, c, b, and a, respectively. At this time, the switch SW 3 is off. 
Therefore, the new data d, c, b, and a are not transmitted to the adder tree ADT2. 

In this way, the adder tree ADT2 operates as an operational circuit for constantly 
adding previous data. 

Fig. 4 shows an operation of the FIR filter when the additional data (transmission 
25 rate) changes (at the time Dt in Fig. 3). 



The time when the data is supplied to the filter is shown in the horizontal direction of 
the drawing. In other words, the flip-flops FF1 to FF4 holding the data are shown. In the 
vertical direction of the drawing shown is the transmission rate (resolving power). In this 
example, a case where the transmission rate is altered from "6" ("000 0110" in binary number) 
5 to "2" ("000 001 0" in binary number). This means that the previous data (D, C, B, and so on) 
are transmitted at the transmission rate "6" and the present data (a and so on) are transmitted 
at the transmission rate "2". In the FIR filter 2, a region surrounded by the bold line is 
required to be an output response. 

The second operational unit 14 in Fig. 2 multiplies the previous data D, C, and B by a 

i. 3 10 difference in the transmission rate (in this case, "4", which is a difference between the 

Q 

transmission rate "6" and the transmission rate "2") in the multiplier MLT6. The 
^ multiplication result corresponds to the upper frame depicted with a broken line in Fig. 4. 
u The First operational unit 1 2 in Fig. 2 multiplies the present data "a" and the previous data D, 

C, and B by the present transmission rate "2" in the multiplier MLT5. The multiplication 

I '1 

1 5 result corresponds to the lower frame depicted with a broken line in Fig. 4. Then, the 
multiplication results are added in the adder ADD6 in Fig. 2 to generate output data DOUT (an 
output response) corresponding to a region surrounded by the frame depicted with a bold 
line in the drawing. 

In this embodiment described above, the input data and the additional data are 
20 separately received to be operated and then the output data DOUT is generated. Therefore, 
the circuit scale of the filter can be reduced compared with a case where data which is input 
data and additional data combined and has a large bit width, is received. In other words, the 
bit width of the input data DIN inputted to the shift register 10 can be decreased so that the 
number of the factor multipliers can be decreased, and thereby circuit scales of the adder 
25 trees 12, 14 and the multipliers MLT5, MLT 6 can be reduced. Therefore, a chip of the 
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semiconductor integrated circuit can be downsized to realize cost reduction of the 
communication system. 

Particularly, a remarkable effect can be obtained by separately receiving the input 
data DIN and the additional data such as the transmission rate which changes only in a long 
5 cycle. 

The switches SW1 to SW3 are formed and switched off in response to every shift 
operation of the shift register 1 0. The switching-off is performed in sequence starting from 
the switch corresponding to the factor multiplier on an input side. Consequently, only the 
previous data among the data supplied to the shift register 1 0 can be transmitted to the adder 

□ 

Q 1 0 tree 14 without fail. 

Fig. 5 shows an FIR filter according to a second embodiment of the present invention. 
The same symbols and numerals are added to the same circuits and signals as those 
„ described in the first embodiment and the detailed explanation thereof is omitted. 
CO As in the first embodiment, the FIR filter is used in a transmission circuit (a 

JjjJ 15 semiconductor integrated circuit) of a portable terminal in a communication system of, for 

u 

example, a CDMA system or a W-CDMA (a Wideband-CDMA) system. The FIR filter 
according to this embodiment is constituted with a holding circuit 16 and an operational 
circuit 1 8 additionally provided in the FIR filter 2 in Fig. 2. Other structures are the same as 
those in the first embodiment (Fig. 2). 

20 The holding circuit 16, which is composed of a flip-flop, accepts additional data (a 

transmission rate) in synchronization with a trigger signal TG which is generated every time 
input data DIN is supplied. As a result, previous additional data is outputted from the 
holding circuit 16. The operational circuit 18 obtains a difference between present 
additional data and the previous additional data held in the holding circuit 1 6 and outputs the 

25 obtained difference to the multiplier MLT6. 
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An operation of the FIR filter according to this embodiment is the same as that in the 
first embodiment described above and therefore, the explanation thereof is omitted. 

In this embodiment, the same effect is also obtained as in the first embodiment 
described above. In this embodiment, the difference in additional data can be further 
obtained by simple logic circuits (the holding circuit 16 and the operational circuit 18). In 
other words, the operation for obtaining the difference in additional data can be easily 
controlled. 

Fig. 6 shows an FIR filter according to a third embodiment. The same symbols and 
numerals are added to the same circuits and signals as those described in the first 
embodiment and the detailed explanation thereof is omitted. 

As in the first embodiment, the FIR filter is used in a transmission circuit (a 
semiconductor integrated circuit) of a portable terminal in a communication system of, for 
example, a CDMA system or a W-CDMA (a Wideband-CDMA) system. 

In this embodiment, a second operational unit 20 is formed instead of the second 
operational unit 1 4 of the FIR filter 2 in Fig. 2 and a shift switch SW4 is formed instead of the 
switch SW3. Other structures are the same as those in the first embodiment (Fig. 2). 

The second operational unit 20 includes an adder ADD4 and a multiplier MLT6. The 
switch SW1 transmits data outputted from the factor multiplier MLT2 to the adder ADD 4. 
The switch SW2 transmits data outputted from the adder ADD2 of the adder tree ADT1 to the 
adder ADD4 via the shift switch SW4. The shift switch SW4 transmits either the output data 
from the adder ADD2 or output data from the factor multiplier MLT4 to the adder ADD4. 

Fig. 7 shows data inputted to the second operational unit 20 in Fig. 6. The 
explanation on the same operations as those in Fig. 3 described above is omitted. "L" in the 
drawing indicates that the shift switch SW4 is connected to the switch SW2 and "R" indicates 
that the shift switch SW4 is connected to the factor multiplier MLT4. 
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At a time Dt-1 , the switches SW1 , SW2 are off and the shift switch SW4 is connected 
to the switch SW2. At a time Dt, the switches SW1, SW2 are on and the adder ADD4 receives 
previous data B, C, and D. At a time Dt+ 1 , the switch SWT is off and the adder ADD4 receives 
the previous data C and D. At a time Dt+2, the switch SW2 is off and the shift switch SW4 is 
5 connected to the factor multiplier MLT4. As a result, the adder ADD4 receives only the 
previous data D and outputs it to the multiplier MLT6. At a time Dt+3, the switches SW1, 
SW2 are off and the shift switch SW4 is connected to the switch SW2. As a result, new data d, 
c, b, and a are not transmitted to the adder ADD4. In this way, the adder ADD4 operates as 
an operational circuit for constantly adding previous data. 
1 0 An operation of the FIR filter according to this embodiment is the same as that in the 

i LJ 

tM first embodiment described above and therefore, the explanation thereof is omitted. 

In this embodiment, the same effect is also obtained as in the first embodiment 
^ described above. Furthermore, the addition result from the adder ADD2 in the adder tree 
!<* ADT1 is utilized as data for the addition in the second operational unit 20 in this embodiment. 
Q 1 5 Consequently, a circuit scale of the second operational unit 20 can be reduced. 

Fig. 8 shows an FIR filter according to a fourth embodiment of the present invention. 
The same symbols and numerals are added to the same circuits and signals as those 
described in the first embodiment and the detailed explanation thereof is omitted. 

As in the first embodiment, the FIR filter is used in a transmission circuit (a 
20 semiconductor integrated circuit) of a portable terminal in a communication system of, for 
example, a CDMA system or a W-CDMA (Wideband-CDMA) system. 

In this embodiment, shift switches SW5, SW6, and SW7 are formed instead of the 
switches SW1 to SW3 in the first embodiment. The switches SW5 to SW7 transmit the data 
outputted from the respective factor multipliers MLT2 to MLT4 to either the adder tree ADT1 
25 or the adder tree ADT2. The multiplier MLT5 of the first operational unit 1 2 receives present 
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additional data (a transmission rate) and the multiplier MLT6 of the second operational unit 
14 receives previous additional data (a transmission rate). Other structures are the same as 
in the first embodiment (Fig. 2). 

Fig. 9 shows data inputted to the first operational unit 1 2 and the second operational 
5 unit 14 in Fig. 8. The explanation on the same operations as in Fig. 3 described above is 
omitted. "L" in the drawing indicates that the switches SW5 to SW7 are connected to the first 
operational unit 1 2 and "FT indicates that the shift switches SW5 to SW7 are connected to the 
second operational unit 14. 

At a time Dt-1, the shift switches SW5 to SW7 are connected to the first operational 
0 unit 12. At this time, the output data from the factor multipliers MLT2 to MLT4 are 
transmitted to the first operational unit 12. At a time Dt, the shift switches SW5 to SW7 are 
connected to the first operational unit 1 4. The first operational unit 1 2 receives present data 
"a" and the second operational unit 14 receives previous data B, C, and D. 

At a time Dt+1, the shift switch SW5 is connected to the first operational unit 12. 
5 The first operational unit 1 2 receives the present data a and b and the second operational unit 
14 receives the previous data C and D. At a time Dt+2, the shift switch SW6 is connected to 
the first operational unit 1 2. The first operational unit 1 2 receives the present data a, b, and 
c and the second operational unit 1 4 receives only the previous data D. At a time Dt+3, the 
shift switches SW5 to SW7 are connected to the first operational unit 12. The output data 
) from the factor multipliers are transmitted to the first operational unit 1 2. 

In this embodiment, the first operational unit 12 receives only the present data and 
the second operational unit 14 receives only the previous data. 

Fig. 10 shows an operation of the FIR filter when the transmission rate is switched (at 
the time Dt in Fig. 9). The explanation on the same operations as in Fig. 4 described above is 
omitted. 
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The second operational unit 14 in Fig. 8 multiplies the previous data D, C, and B by 
the previous transmission rate "6" in the factor multiplier MLT6. The multiplication result 
corresponds to the right frame in Fig. 1 0 depicted with a broken line. The first operational 
unit 1 2 in Fig. 8 multiplies the present data "a" by the present transmission rate "2" in the 
5 multiplier MLT5. The multiplication result corresponds to the left frame depicted with a 
broken line in Fig. 10. The adder ADD6 in Fig. 8 then adds the multiplication results to 
generate output data DOUT which corresponds to a region surrounded by the frame depicted 
with a bold line in Fig. 1 0. 

In this embodiment, the same effect is also obtained as in the first embodiment 
1 0 described above. 

Fig. 1 1 shows an FIR filter according to a fifth embodiment of the present invention. 
The same symbols and numerals are added to the same circuits and signals as those 
described in the first and the fourth embodiments and the detailed explanation thereof is 
omitted. 

15 As in the first embodiment, the FIR filter is used in a transmission circuit (a 

semiconductor integrated circuit) of a portable terminal in a communication system of, for 
example, a CDMA system or a W-CDMA (Wideband-CDMA) system. 

In this embodiment, a first operational unit 22 is formed instead of the first 
operational unit 1 2 of the FIR filter shown in Fig. 8. In addition, a multiplier MLT7 for 

20 receiving an output from the adder ADD6 is newly formed. The multiplier MLT6 of the 
second operational unit 14 receives a ratio of additional data (a transmission rate) 
corresponding to previous data to additional data corresponding to present data (a 
denominator is the present additional data). Other structures are the same as those in the 
fourth embodiment (Fig. 8). 

25 The first operational unit 22 is composed of the same adder tree ADT1 as that in Fig. 
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8. The adder ADD6 multiplies data outputted from the adder tree ADT1 by data outputted 
from the multiplier MLT6 of the second operational unit 14 and outputs the multiplication 
result to the multiplier MLT7. The multiplier MLT7 multiplies data from the adder ADD6 by 
the present additional data (transmission rate) and outputs the multiplication result as output 
5 data DOUT (an output response). 

Fig. 1 2 shows an operation of the FIR filter when a transmission rate is changed. 
The explanation on the same operations as those in Fig. 4 is omitted. In this example, the 
ratio of the transmission rates, which equals to (the previous transmission rate "6")/(the 
present transmission rate "2), is set at "3". 
3 The multiplier MLT6 of the second operational unit 14 in Fig. 11 multiplies the 

previous data D, C, and B by a ratio of transmission rates "3". The multiplication result 
corresponds to the right frame depicted with a broken line in Fig. 1 2. The multiplier MLT5 of 
the first operational unit 22 in Fig. 1 1 receives present data a and outputs the received data to 

the adder ADD6 (corresponding to the left frame depicted with a broken line in Fig. 12). 

j 

j 1 5 These data are added in the adder ADD6 and transmitted to the multiplier MLT7. The 
multiplier MLT7 then multiplies the data from the adder ADD6 by the present transmission 
rate "2". The multiplication result corresponds to the frame depicted with a bold line in the 
drawing, which is "twice" as large as the two frames depicted with a broken line. 

In this embodiment, the same effect is also obtained as in the first embodiment 
20 described above. 

Fig. 1 3 shows an FIR filter according to a sixth embodiment of the present invention. 
The same symbols and numerals are added to the same circuits and signals as those 
described in the first embodiment and the detailed explanation thereof is omitted. 

As in the first embodiment, the FIR filter is used in a transmission circuit (a 
25 semiconductor integrated circuit) of a portable terminal in a communication system of, for 
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example, a CDMA system or a W-CDMA (Wideband-CDMA) system. The FIR filter according 
to this embodiment is constituted with the holding circuit 16 and an operational circuit 24 
additionally provided in the FIR filter 2 in Fig. 1 1 . Other structures are the same as those in 
the sixth embodiment (Fig. 11). 
5 The holding circuit 16, which is composed of a flip-flop, accepts additional data (a 

transmission rate) in synchronization with a trigger signal TG which is generated every time 
input data DIN is supplied. As a result, previous additional data is outputted from the 
holding circuit 1 6. The operational circuit 24 obtains a ratio of present additional data to the 
previous additional data held by the holding circuit 16 and then outputs the obtained ratio to 
10 the multiplier MLT6. 

An operation of the FIR filter according to this embodiment is the same as that in the 
first embodiment described above and therefore, the explanation thereof is omitted. 

The same effect is also obtained as in the second and the sixth embodiments 
described above. In this embodiment, the ratio of the additional data can be further 
I 5 obtained by simple logic circuits (the holding circuit 16 and the operational circuit 24). In 
other words, the operation for obtaining the ratio of the additional data can be easily 
controlled. 

Incidentally, in the above embodiments there have been described examples where 
the input data DIN consisting of transmitting information and additional data (for example, a 
!0 transmission rate) which is added in order to transmit the input data DIN are separately 
received to generate the output data DOUT. However, the present invention is not limited to 
the above embodiments. For example, data including the input data DIN and the additional 
data may be received and standardized in a data separation unit provided in the FIR filter, and 
the standardized data is separated into the input data DIN and the additional data so as to 
25 generate output data from the separated data. 
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Furthermore, the additional data does not have to be a transmission rate. The 
additional data may be any data as long as it is added to the input data DIN for the purpose of 
reliably receiving the input data DIN consisting of transmitting information at a transmission 
side. 

The invention is not limited to the above embodiments and various modifications 
may be made without departing from the spirit and the scope of the invention. Any 
improvement may be made in part or all of the components. 
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